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We all recognize Hubble’s iconic pictures, which are found everywhere in the 
media these days, all over the internet, and even in movies. These pictures are 
now a part of how people think about the universe and their relationship to it. But 
what about Hubble spectra? Well, not so much. Even though astronomers find 
spectra essential for studying the physical and chemical properties of astronomical 
objects, spectra have less visual appeal than images, and they don’t immediately 
convey meaning in the same way images do. Consequently, spectra are less widely 
recognized and understood. Presenting and explaining spectra to nonscientists is 
a real challenge for communicators of science, and past attempts to convey the 
interest and excitement of astronomical spectra have met with limited success.

Bring in the artist!

In October 2010, the European Space Agency held a scientific conference 
in Venice, Italy, to commemorate the 20th anniversary of the Hubble launch, 
and to celebrate Hubble’s impacts on astronomers and the general public (see 
STScI Newsletter, Vol. 28, No. 1, page 49 or https://blogs.stsci.edu/news-
letter/2011/02/08/venice-and-hubble-a-sense-of-history/). The meeting 
organizers decided to experiment with displaying spectra. To this end, they invited 
Tim Otto Roth, a German artist, to create an exhibit based on a set of Hubble 
spectra of galaxies. Roth, who shares astronomers’ enthusiasm for spectra, 
immediately accepted.

Roth is known for his work with light and color (see http://www.imachina-
tion.net/). He has collaborated with a variety of institutions, including Fermilab, 
Brookhaven National Laboratory, the Bibliotheca Alexandrina (the new Library of 
Alexandria), and the Koldewey station for arctic research on Spitsbergen. He has 
been guest artist at the European Southern Observatory (ESO) and the European 
Organization for Nuclear Research (CERN).

Roth collaborated with Bob Fosbury from ESO to create an art exhibit entitled 
From the Distant Past, which premiered in Venice in October 2010. A powerful 
green laser painted Hubble spectra of galaxies on the façade of Palazzo Cavalli 
Franchetti—hundreds of spectra, one after the other. This science animation 

The Art of Hubble 
Spectra

Figure 1: From the Distant Past was an installation based on Hubble spectra, by artist 
Tim Otto Roth. Here, a computer-guided green laser projected the spectra onto the 
façade of Palazzo Cavalli Franchetti in Venice, in October 2010 (credit: Fosbury).

From the Distant Past exhibit at the Maryland Science Center in 
Baltimore in September–October 2011 (credit: MSC, Clampin) 
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was a stunning sight as people crossed the adjacent Academia Bridge (see the movie at http://www.
flickr.com/photos/bob_81667/4997991133/in/photostream/ ).

The success in Venice led to the idea of showing the exhibit in the United States, this time supported 
by some educational materials to take advantage of the “teachable moment.” Two excellent venues 
were selected: Baltimore, home of Hubble, at the Maryland Science Center (MSC), and New York, at 
the Rose Center for Earth and Space, at the American Museum of Natural History (AMNH). 

From The Distant Past was visible in Baltimore from September 25 to October 18, 2011. The green 
spectra were projected onto the wavy wall of the MSC (see photo on top of page 1). 

Figure 2: From the Distant Past at the Rose Center of the American Museum of Natural History in November 
2011 (credit: AMNH, Finnin).

The astronomer’s heart is made to beat faster by the 
possibility of analyzing distant objects in the universe 
by means of spectroscopy: the splitting of light into its 
constituent colors by a prism or a diffraction grating. The 
light emitted by stars, be they as close as our own Sun 
or as distant as the youth of the universe, carries the 
imprint of their chemical composition, their evolutionary 
state, and the mass of the shining star or stars. The sci-
ence of color revolutionized astronomy when Fraunhofer 
introduced spectroscopy at the telescope two centuries 
ago. Spectra as formal representations of color have chal-
lenged the uninitiated—particularly artists—ever since. 
One complication is that the visual arts, which naturally 
explore the phenomenon of color, are still dominated 
by a physiological approach, in the tradition of Goethe, 
based on the artist’s individual visual sensations. In From 
the Distant Past, the artistic intervention is the luminous 
animation of the spectra. As dynamic laser lines, these 
faint color echoes of the primordial universe appear less 
as abstract ideas than as anthropomorphic associations 
with a heartbeat or a brain wave.

–Tim Otto Roth

Artist Roth and his programmer, neuroscientist Benjamin Staude, installed two 
laser projectors on the upper catwalk of the Rose Center at AMNH, which is a 
restricted-access corridor hovering 90 feet above the ground. They spent many hours 
calculating projection angles and coordinate-system transformations to optimize the 
laser display for maximum visual impact, and to ensure the projection was safe for 
viewers. (credit: AMNH, Finnin)
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It was shown the last two weeks in November in New York, where the spectra were projected on the 
spherical surface of the Hayden Planetarium (see Figure 3, http://hubblesite.org/laserart/, and the movie 
at http://www.amnh.org/news/2011/11/hubbles-heartbeat-pulses-in-laser-art-installation/ ). At 
times, the sphere itself appeared to be slowly rotating as the spectra scrolled across the curved surface.

In support of the U.S. exhibitions, staff from the Institute’s Office of Public Outreach (OPO) conducted 
workshops and hands-on activities with Baltimore-area homeschoolers and New York City teachers. 
These presentations about telescopes and the electromagnetic spectrum explained how astronomers use 
light to understand the universe, and how NASA astronomy relates to core curricular topics. In addition, 
OPO created the opportunity for art students at the Maryland Institute College of Art in Baltimore and 
at the School of Visual Arts in New York to hear and discuss the artistic and scientific aspects of the 
exhibitions with the artist Roth and OPO astronomer Frank Summers.

During the laser exhibit, each museum venue featured large panel and banner displays, created by 
OPO, which explained to the public the basics of spectra and the science derived from them. These 
background educational units on the nature of spectra (http://hubblesite.org/laserart/spectra.php) 
and on the variety of types of astronomical spectra (http://hubblesite.org/laserart/field-guide.php) 
were also made available for viewing on the web and mobile devices. 

Everywhere From the Distant Past was shown, crowds of curious passersby stopped to marvel at the 
green waves of light pulsing across an architectural space. People wondered what they were looking at, 
how it was done, and what it all meant. They wondered about spectra—not a usual occurrence—and 
who knows where their curiosity could lead.

When Science Drives 
Matt Mountain, mmountain@stsci.edu 

As 2011 drew to a close, a suite of special events marked it as a phenomenal year for obser-
vational astrophysics. In October, in Chile, the Atacama Large Millimeter/submillimeter Array 
(ALMA) achieved first light. On December 7, the 10,000th refereed 

paper based on Hubble observations was announced. The same day, the 
20th annual call for Hubble proposals was announced. Three days later, in 
Stockholm, Saul Perlmutter, Brian Schmidt, and Adam Riess were awarded 
the Nobel Prize in Physics for discovering the accelerating universe.

And on November 18, 2011, with full bipartisan support and thanks to 
the efforts of a large portion of the astronomical community as well as 33 
Nobel Laureates, President Obama signed into law the bill that increased 
NASA’s science budget and fully funded the James Webb Space Telescope 
so that astronomers in the U.S. and elsewhere will be able to follow up 
on Hubble’s extraordinary success.

These events illustrate that when science is allowed to drive and the 
community works constructively together, remarkable outcomes are possible.

In awarding the Nobel Prize, the Swedish Academy of Sciences cited 
the powerful partnership between ground- and space-based telescopes 
in the research. The initial discovery of cosmic acceleration was made 
using National Optical Astronomy Observatory facilities. Later, Hubble 
provided extraordinary evidence that the acceleration was real. In both 
cases, the observing time was awarded by peer review based solely on 
scientific merit.

By the deadline for Cycle 20 on February 24, 2012, the Institute had 
received 1,090 General Observer (GO) proposals, oversubscribing the 
available observing time by 6:1. The proposals are highly diverse, ranging 
across the gamut of astrophysics and planetary science. In their proposals 
and published papers, astronomers demonstrate that Hubble—already well 
established as the most productive telescope ever—is still in huge demand. 

It’s important we recognize that Hubble’s achievements are ultimately 
due to the efficiency and effectiveness of peer review. Once a year, for 
the last twenty-two years, over a hundred astronomers from the U.S. and around the globe have come 
to Baltimore to recommend the best programs of all the proposals received. They huddle in conference 

Figure 1: ALMA’s first light. ALMA + Hubble composite of the Antennae 
Galaxies (credit: ALMA (ESO/NAOJ/NRAO); visible light image: the NASA/
ESA Hubble Space Telescope).
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rooms for days, read hundreds of proposals, and formulate recommendations with scientific merit 
as the overarching criterion. Though they come from a wide range of disciplines, science is their 
working language.

The selected proposals in any Hubble Cycle are diverse in scale as well as topic. At one end of the 
spectrum are many smaller programs with individual PIs, and at the other are usually a few really large 
teams winning large Treasury or Multi-cycle allocations (see Figure 2). This diversity of both size and 
science is a hallmark of NASA’s Great Observatories—Hubble, Chandra, and Spitzer.

Another hallmark of NASA’s Great Observatory model is the grant support made available for the 
selected research programs. The Institute has so far dispersed over $300M in GO funding for Hubble. 
Much of this funding supports young astronomers—graduate students and postdocs—who are the 
PIs of tomorrow. 

The fact that the Hubble science engine exists today at all, of course, is due to the compelling science 
case and solid community support that materialized in the 1970s and has remained rock-solid for four 

decades. Superb science and commu-
nity consensus are also at the root of the 
successes of Chandra, Spitzer, and most 
recently ALMA—the most complex and 
powerful sub-millimeter telescope array 
ever built. Its development culminates a 
decade of international cooperation and 
broad consensus on its scientific merits 
among astronomers worldwide.

Almost by definition, implementing bold 
new science programs means investments 
to develop enabling technology. Such 
investments are cumulative and progres-
sive, as illustrated by the science-driven 
advance of technologies for ever-larger 
primary mirrors to collect more light. Two 
examples are provided by Webb and the 
new generation of very large telescopes 
on the ground.

In September 1993, the HST & Beyond 
Committee was chartered “to study pos-
sible missions and programs for UVOIR 
astronomy in space for the first decades 
of the twenty-first century,” and to “initi-
ate a process that will produce a new 
consensus vision of the long-term goals 
of this scientific enterprise.” In its 1996 
report, the Committee identified two major 
scientific goals that subsequently defined 
NASA’s Origins Program. The first goal 

was “the detailed study of the birth and evolution of normal galaxies such as the Milky Way.” The 
associated recommendation was that “NASA should develop a space observatory of aperture 4m or 
larger, optimized for imaging and spectroscopy over the wavelength range 1–5 mm.” This became Webb.

The second goal was “the detection of Earth-like planets around other stars and the search for 
evidence of life on them.”

Sixteen years ago, this Committee recognized that Webb would “require many technological advances, 
such as ultra-lightweight, precision mirrors and structures,” and that “these will be important for a 
variety of concurrent and follow-on programs, such as a space telescope for the detection and study 
of Earth-like planets around other stars.” Today, Webb’s revolutionary, lightweight, beryllium mirrors 
have all completed final polishing. Whether measured by collecting area per mass or per undeployed 
volume, Webb has advanced the state of this art by an order of magnitude (see Figure 3).

On the ground, a revolution was also underway in building new telescopes, recognized in 2010 by 
the Kavli Prize for Astrophysics being awarded to Roger Angel, Jerry Nelson, and Ray Wilson “for their 
contributions to the development of giant telescopes.” This award recognized an amazing convergence 
in the ground-based community in the late 1980s: a consensus that future science progress demanded 
larger telescopes than the 4m to 5m telescopes at major observatories, and that the only way to enable 
new science was to develop new, paradigm-breaking mirror technologies (see Figure 4). The result of 
these science-driven, difficult, but ultimately successful programs was an incredible renaissance in 
telescope building on the ground. Multiple 6m to 10m telescopes appeared on mountaintops in Arizona, 

Figure 2: Hubble supports science at all scales. The red histogram shows the distribution of the number of 
proposals (left-hand y-axis) as a function of orbit size for Cycle 18 GO plus the Multi-Cycle Treasury orbits 
allocated in that Cycle. The overwhelming majority of allocated proposals on Hubble are for programs of 25 orbits 
or less. The blue line shows the number of investigators supported (right-hand y-axis), as a function of program 
size. As expected, the number of investigators rises to the left of the diagram, driven by the large number of 
small-to-medium programs led by individual investigators allocated each cycle. However, this plot also shows a 
sharp turn-up to the right, a result of the new, large, multi-disciplinary teams that have formed around the few 
Multi-Cycle Treasury programs that Hubble now supports.
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Chile, and Hawaii. They represented a global investment of over $1.7B (in 
2000 year dollars) in ground-based astronomy. And a decade later, a similar 
international, science driven, technology program enabled consensus within 
the radio community and resulted in the billion-dollar-class ALMA observatory.

What connects all these events is the exceptional ability of our community 
of astronomers, despite competing priorities and a challenging budget environ-
ment, in the end to remain focused on exploiting the facilities we have built or 
are building, or are planning in order to undertake forefront science. When we 
scientists let science—not our perceptions of the limitations of technology, policy, 
or even politics—drive our decision-making, remarkable outcomes are possible.

As we look forward to some very challenging times ahead, what science-
driven observational phase space are we looking to advance? To understand 
the frequency of exoplanets and to characterize dark energy, the international 
community is developing large focal-plane arrays and large-scale data-mining 
techniques: projects like Pan-STARRS, Dark Energy Camera, the Subaru Hyper-
Suprime Cam, and ultimately, the Large Synoptic Survey Telescope. In space 
astrophysics, we see a similar international trend, the European COnvection 
ROtation and planetary Transits mission, followed by Kepler, and in the coming 
years, by Euclid and the Wide-Field Infrared Survey Telescope.

As I reflect on the debates in our community that have led us here, I am 
reminded of a very wise colleague, Fred Gillett (who unfortunately is no lon-
ger with us). In the midst of complex and at times heated arguments about 
the overlapping demands of requirements, technologies, funding, agency 
politics and even community sociology, Fred would stop the argument with 
the simple question, “Ok, but what is the science we are trying to achieve?” 
What we astronomers are best at is articulating an exciting, transformative, 
and encompassing science program. And when we let science drive, it becomes possible to build a 
broad, community-based consensus around such projects—and remarkable things become possible.

Figure 3: The primary mirror size as a function of unit mass and unit 
volume of space observatories has increased over time. Space telescope 
missions are limited by the volume available in the launch vehicle and 
by the payload mass that the vehicle can place into the correct orbit. 
To launch larger primary mirrors, technology investments have enabled 
observatories to become more lightweight and more compact in their 
launch configurations (courtesy E. Elliot). 

Figure 4: The award of the Kalvi Prize for Astrophysics to Jerry Nelson, Ray Wilson and Roger Angel (courtesy 
of the Kalvi Foundation). Overlaid is the change over time in cost/unit area for ground-based telescopes that 
resulted from the science-driven breakthroughs in new mirror technologies for the very large telescopes, and 
what might be expected for the next generation of 20–40m telescopes, now being planned. The graph has been 
normalized to the approximate cost/unit area of the Palomar 5m and Kitt Peak 4m telescopes.
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Hubble’s Powers of Ten
Kenneth Sembach, sembach@stsci.edu 

I t seems like only yesterday, but Servicing Mission 4 (SM4) took place three years ago now. On the 
anniversary of SM4, Hubble is better than ever and operating at the peak of its capabilities. The 
competition for observing time is intense. The Institute received over 1000 proposals in each of the 

last three Cycles, which oversubscribed the available observing time by a factor of six or more. Fund-
ing for archival research is also very competitive. Meanwhile, Hubble’s scientific achievements grow in 
breadth and depth. Last year, targets spanned ten orders of magnitude in distance—from the Moon 
to a galaxy at redshift ten. Talk about depth of field!

Other “powers-of-ten” milestones in 2011 were Hubble’s 1,000,000th observation, taken on July 4, 
and Hubble’s 10,000th scientific paper, which was published a few months later. 

The 10,000th paper, entitled “XRF 100316D/SN 2010bh and the Nature of Gamma-Ray Burst 
Supernovae,” by Zach Cano and collaborators, appeared in the October 10, 2011, issue of the Astrophysical 
Journal. It analyzes the light curve of the faintest supernova ever associated with a long-duration 
gamma-ray burst. Dr. Cano recently finished his doctoral studies at the Astrophysics Research Institute 

of John Moores University in Liverpool, England, and 
the paper is part of his thesis. 

Cano et al. 2011 was but one of 787 scientific 
papers based on Hubble data published last year—
averaging more than two papers per day, the high-
est total ever and topping the previous high of 728 
papers in 2010 by more than one additional paper 
per week. In April 2012, Hubble’s paper tally stood 
at 10,385. The 11,000th paper is expected early in 
2013, if not sooner. 

Hubble results are a fundamental and increasingly 
important resource for modern astronomical investiga-
tions, as evidenced by the exponentially increasing 
rate of citations to these papers. In just the past two 
years, Hubble papers received more than 100,000 
citations, corresponding to a new citation roughly once 
every 10 minutes. Approximately one-quarter of all 
citations to Hubble science have occurred since SM4.

Hubble helps launch the careers of new generations 
of astronomers. Each year now, more than 100 gradu-
ate students and more than 100 postdocs participate 
in the analysis and scientific interpretation of Hubble 
data. In the past five years, Hubble data have served 
as the basis for 175 doctorate degrees in the U.S. and 
Canada—an average production rate of PhDs of one 
per 10 days. Obviously, not all Hubble investigations 
lead to advanced degrees, but Hubble data and grant 
support form a solid foundation for the scientific vital-
ity of our profession. Young scientists seem to have 
a fathomless set of ideas to test as they push the 
frontiers of exploration. Surely, great surprises—and 
even more prizes—await them.

Based on all these measures of scientific output, a 
case can be made that Hubble is the most productive 
telescope of all time (see Figure 1).

Figure 1: Eclectic summary of Hubble’s scientific output.
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And the Nobel Prize  
Goes to…
Mario Livio, livio@stsci.edu 

The Nobel Prize in Physics for 2011 was awarded to Saul Perlmutter 
of the Lawrence Berkeley National Laboratory, Brian P. Schmidt of 
the Australian National University, and Adam G. Riess of the Space 

Telescope Science Institute and the Johns Hopkins University. The citation 
reads: “For the discovery of the accelerating expansion of the Universe through 
observations of distant supernovae.” 

The Nobel Prize marks the culmination (so far) of the career of our own 
Adam Riess. It could hardly have happened to a nicer guy. 

The original evidence for an accelerating universe was based primarily on 
the faintness (by about 0.25 magnitudes) of supernovae at redshifts of about 
0.5, compared to their expected brightness in a universe decelerating under 
its own gravity. Unless Einstein’s Theory of General Relativity needs to be 
modified, the acceleration appears to be propelled by the repulsive force of 
an elusive Dark Energy. Arguably, the nature of this Dark Energy is the most 
profound puzzle that physics is facing today. 

Rather than describing the physics for the Newsletter, I chose to hear from 
Adam on his impressions from Stockholm. After all, this is a once-in-a-lifetime 
experience (although a few, just like James Bond, experience it twice). “We 
were served champagne at every lunch and dinner event, and once even at 
mid-morning,” Adam told me. Tough life! He then added: “Once on the ground 
in Stockholm, we were met immediately off the airplane—not at the end of 
the gangplank, but immediately outside the airplane door—by multiple Nobel 
officials. We were escorted to a private elevator, whisked into a private car and 
settled in the VIP Lounge with hot coffee and chocolates, while our luggage 
was retrieved and passports stamped. Who knew this service even existed?” 

I was thinking, I suppose that if you are not a movie star or a world-known 
politician, then the Nobel Prize can also open a few doors. As if to confirm 
my thoughts, Adam continued: “Oh, and did I mention people stopped me 
on the street for autographs? They waited outside the hotel for the laureates 
to appear. What a country!” 

In spite of all the perks, the Nobel week is apparently not easy. The 
laureates were whisked from one event to another, glad to catch a 1–2 hour 
break in between, with just enough time to eat and change before the next 
appointment. This is where a personal attaché (Anna) and a personal driver 
(Leanna) proved indispensable. 

Apparently the eve of the ceremony and banquet was truly unbelievable: “We processed through the 
blocked-off Stockholm streets in one long BMW caravan (nine total), escorted by police cars and sirens. 
Especially driving up the wrong side of the closed streets. Magnificent!” Adam described. 

Just in case you wonder how many events there were, here is a partial list: Nobel Museum, Swedish 
press conference, U.S. Embassy, BBC show “Nobel Minds,” Nobel lecture, Nobel ceremony and ban-
quet, private tour of the Vasa Museum, dinner at the Royal Palace with the Royal Family, colloquium at 
Alabanova with teammates from the High-z Team and the Supernova Cosmology Project, private dinner 
and tour at Junibacken (the author of Pippi Longstocking, Astrid Lindgren, is Swedish).

Even with all of this hoopla, Adam admits that the Nobel ceremony was the most exciting: “There 
were hundreds if not thousands in the audience, all dressed to the nines—men in white tie and tails, 
women in ball gowns—and my seven-year-old daughter in her princess dress. The Queen and King 
just inches from us.” 

Then, to top it all, was the signing of “the book.” Adam took the opportunity to flip back pages 
to see a few of the names that have signed in the past. They included: Feynman, Bethe, Weinberg, 
Chandrasekhar, Giacconi... “I heard of these guys,” he told me.

Now we have heard of Riess, too.
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The New ACS Calibration 
Pipeline: Putting the  
Electrons Back Where  
They Belong
Linda Smith, lsmith@stsci.edu, and the ACS Team

The Advanced Camera for Surveys (ACS) team has recently released a new version of the data 
calibration pipeline, CALACS. The new version includes corrections for charge-transfer inefficiency 
(CTI) and the electronic artifacts introduced by the repair of the Wide Field Channel (WFC) 

during Servicing Mission 4 (SM4). Users will now see new data products when they retrieve ACS data 
from the Barbara A. Mikulski Archive for Space Telescopes.

Pixel-based CTI correction

Since the ACS was installed on the 
Hubble Space Telescope ten years ago, the 
continuous exposure to the harsh radiation 
environment of space has caused CTI in 
the charge-transfer device (CCD) detectors. 
CTI is due to damage in the silicon lattice, 
which traps electrons as the charge is being 
read out. This trapping produces images 
with trails of deferred charge extending 
away from bright objects. The left side of 
Figure 1 shows an example. 

CTI compromises science with ACS 
because it alters the photometric, astro-
metric, and morphological characteristics 
of both faint and bright sources, particularly 
those located farthest from the readout 
amplifiers of the CCD, as well as sources 
with low background illumination.

Recently, significant advances have been 
made in correcting ACS/WFC images for CTI at the pixel level. Massey et al. (2010) showed that CTI 
trails could be successfully removed by fitting exponential decay parameters to hot pixel trails in science 

images. Subsequently, Anderson & Bedin (2010; AB10) 
extended this work to lower background levels using an 
empirical model to describe the trails of hot pixels in 
stacked dark exposures. Jay Anderson describes the 
details of this pixel-based correction in a recent Newsletter 
article (Anderson 2011).

Time and temperature dependence of the CTI 
correction

The ACS team has made many refinements and addi-
tions to the AB10 code with the aim of incorporating it 
into the CALACS data-reduction pipeline. First, we have 
included the time and temperature dependence of CTI 
losses. This was achieved by studying the profiles of hot 
pixels in all of the dark images taken with ACS/WFC since 
installation. After individual dark frames were combined for 
each monthly CCD anneal cycle, we identified hot pixels 
by two criteria: that they were present in at least 80% 
of the dark frames (to avoid cosmic rays), and they were 
isolated within a four-pixel radius (to avoid overlapping 
trails). For the hot pixels located at least 1500 pixels 
from the readout amplifiers, we measured the average 

Figure 1: A schematic representation of the effects of CTI and its correction in the new CALACS. Left: a portion 
of an ACS/WFC exposure of the globular cluster 47 Tucanae. The trails extending upwards from the stars are 
caused by CTI. Zoomed: a simulated representation of a point source with CTI losses. The green histogram 
represents the observed point-spread function (PSF), which has been smeared by CTI. Right: the new pixel-based 
CTI correction, which restores the deferred charge and corrects the PSF.

Figure 2: CTI increasing with time. The trapped charge in the first pixels (P1s) in CTI trails for 
hot pixels (HP) containing 1000 ± 50 e–. Left: the effect of the operating temperature change 
from –77°C (red points) to −81°C (blue points). The black line shows the linear growth in P1 
with time. Right: the −81°C data points scaled up, showing the empirically derived dependence 
on time. Green: number of electrons in P1 after the dark frames have been processed through 
the new CALACS with CTI correction. (Note: The ACS was not operational in the period January 
2007 to May 2009.)
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number of electrons in the first pixel (P1) of the CTI trail for different ranges of accumulated charge 
(100, 1000, 10,000 e–). Figure 2 shows the evolution of the number of electrons in P1 with respect 
to time for hot pixels with an accumulated charge of 1000 ± 50 e–.

To account for the strong temperature dependence shown in Figure 2, we developed empirical CTI 
trail profiles from dark frames taken either side of the temperature change. These profiles are provided 
in a new reference file (pctetab), which also includes the empirically derived time dependence shown in 
Figure 2. Note that CTI has increased at a faster rate after 2009 than before 2007. This may due to the 
recent solar minimum, which causes an increase in the flux of energetic charged particles in the portion 
of the Hubble orbit that passes through the South Atlantic Anomaly (Massey 2010; Baggett et al. 2011).

To test the accuracy of the new CTI correction, the dark frames used to measure the number of 
electrons in the CTI trails of hot pixels were reprocessed using the new CALACS (green points in Figure 
2). This test shows that the trails have been restored to their points of origin in the hot pixels, and 
that the trapped charge in P1 is now close to zero. This result has been achieved for both operating 
temperatures and as a function of time. When we extend this treatment to the next two pixels in the 
trail—P2 and P3—and to different hot-pixel accumulated charges, we find that the number of electrons 
in hot pixels in dark frames are restored to a typical accuracy of 10%.

Improved CTI correction at low signal levels

The new implementation in CALACS has an improved CTI correction at low signal and background 
levels compared to the AB10 code. To accomplish this, we obtained short dark exposures (33, 100, 
and 339 sec, compared to the standard 1040 sec darks), and then isolated the faintest hot pixels and 
compared their measured counts to those expected, based on the standard long darks. This comparison 
allowed us to evaluate the absolute CTI for extremely small charge packets. 

This study also showed that hot pixels farthest from the readout amplifier with counts below  
20 e– are so severely trailed during the readout that hardly a single electron makes it out in the original 
pixel.  Since stars benefit from some self-shielding—the pixels nearest the readout amplifier shield 
those farthest from the readout amplifier—their losses are not quite as great. However, stars on zero 
background with less than 20 e– are still lost within the pixel-to-pixel noise. Such large losses can 
never be reconstructed with a pixel-based scheme. 

From an analysis of all of the Cycle 18 ACS observations, we find that the typical ACS background 
is in the range of 15 to 40 e–.  Our analysis of the short dark exposures shows that even 15 electrons 
is enough to keep a large number of the traps filled, so that instead of losing 90% of its electrons, as 
it would on zero background, a faint star on a background of 15 to 40 e– would lose between 50% 
and 25% of its original counts if placed far from the read-out amplifier.

Column dependency of CTI

The AB10 version of the algorithm treated all CCD columns identically, 
even though the stochastic nature of trap creation means that some columns 
will have more traps—and therefore more CTI—than other columns. To 
adjust for this variation, the amount of trapped charge in the CTI trail in 
each CCD column was measured using the virtual over-scan region of 
multiple flat-field images. (The virtual overscan region consists of 20 rows 
of virtual pixels at the top of each CCD, which are created on read-out by 
over-clocking the serial register of each CCD.) The first few pixels of the 
virtual overscan contain a CTI trail produced by the pixels in the science 
area on the edge of the image. As these pixels are read out, they pass every 
trap in the column, so their trail accurately reflects the number of those 
traps. We found that the variation in the column traps between columns 
was not significant in the years up to ACS failure in 2007. For the years 
2009–2011, 81% of columns fall within 10% of the average, and 96% fall 
within 20% of the average. 

We have included a look-up table in the new pcte reference file. It lists 
the column-to-column variations for both CCDs as given by the average 
measurements for 2009–2011. The correction is applied to all data, scaled 
by the time dependence of CTI.

Bias shift and stripe correction

The new CALACS contains corrections for three artifacts introduced by the new electronics installed 
during SM4. The “bias shift” (Golimowski et al. 2012) is a signal-dependent phenomenon associated 
with the CCDs’ external preamplifiers. This artifact is a banding in the horizontal direction at a level 

Figure 3: Bias shift. Saturn is positioned in an ACS/WFC image in quadrant 
B (upper right), far from the output amplifier. Left: uncorrected image with 
the horizontal bias-shift effect. Right: the corrected version. Bias striping 
is also noticeable in the other quadrants, as is a negative crosstalk ghost 
of Saturn in quadrant A near the boundary with quadrant B (or just to the 
left of Saturn). All these effects are corrected in the new CALACS as shown 
in the image to the right. (Quadrant A is top left, B top right, C bottom left 
and D bottom right. The readout amplifiers are at the outside corners of 
each quadrant.)
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of 0.02–0.3% of the pixel signal. Such small bias shifts, while unimportant for most ACS imaging, 
can be a significant hindrance for studies of faint, extended sources in the proximity of very bright or 
highly exposed sources. To evaluate this effect, we obtained observations of Saturn in each quadrant. 
We measured the bias shift for each quadrant and developed a correction algorithm which we have 

incorporated into the new CALACS. Figure 3 gives an example of the bias 
shift and its correction.

“Bias striping” is the second artifact introduced by the SM4 repair. It 
is low-amplitude, horizontal striping caused by electronic “1/f” noise in a 
reference voltage inside the replacement electronics. (Bias striping can be 
seen in Figure 3.) Norman Grogin (Grogin 2011) recently described this 
effect—and how to correct for it using the image area. 

In quantitative terms, the standard deviation of the bias striping is 0.9 e– as 
compared with the WFC read noise of ~4 e–. The new CALACS corrects for 
this effect using the physical prescan region of all four quadrants rather 
than the image area discussed in the Instrument Science Report by Grogin 
et al. (2011). This new method is feasible because the bias-striping pattern 
is uniform across the quadrants of a given WFC CCD and is mirror-reflected 
across the CCD gap. Thus, all four prescan regions can be co-added and 
fitted together to provide an accurate correction for the bias striping. This 
task is done after the bias-shift correction, because this latter effect can 
affect the counts of the prescan regions.

The third artifact that is corrected in the new CALACS is crosstalk between 
the amplifiers as the image is read out. This is also illustrated in Figure 3. 
Crosstalk has been present at a low level in WFC since the camera was 
first installed (Giavalisco 2004). This effect depends on the gain setting 
and a correction is now provided for post-SM4 observations taken with the 
default gain setting of 2 (Suchkov et al. 2010).

The new CalaCs

The new CALACS includes additional steps for full-frame images, as shown 
schematically in Figure 4. First, all images will be corrected for the signal-
dependent bias shift, cross talk, and bias striping. The new CALACS will 
then have two branches.

The first branch will contain traditional CALACS processing using standard darks (_DRK reference 
files) to produce standard data products: _CRJ, _FLT and _DRZ.fits files (see sidebar for a descrip-
tion of these file types). The new second branch will correct for CTI using the refined version of the 
AB10 code, perform dark correction using new CTI corrected darks (_DKC files), and then standard 
processing to produce new data products, called _CRC, _FLC and _DRC.fits files (see Figure 4 for 
details). The user will be able to choose whether to use the CTI-corrected or standard data products.

More details of the new CALACS and the CTI-correction algorithm can be found at 
http://www.stsci.edu/hst/acs. We welcome comments from users via help@stsci.edu.
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Figure 4: Schematic flow diagram showing the new structure of CALACS. 
In addition to the standard data products (_CRJ, _FLT and _DRZ.fits 
files), there will be three new CTI-corrected data products (_CRC, _FLC 
and _DRC.fits files).

Three pairs of data products from the 
new CALACS:

_CRJ = Cosmic-ray corrected FITS image
_CRC = Cosmic-ray and CTI-corrected 
FITS image

_FLT = Flat-field corrected FITS image
_FLC = Flat-field and CTI-corrected FITS 
image

_DRZ = Drizzled FITS image
_DRC = Drizzled CTI-corrected FITS image

Note: any data-file type ending in “C” is 
the CTI-corrected equivalent of a standard 
CALACS file.
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A Fresh Start for the COS 
FUV Detector
Cristina Oliveira, oliveira@stsci.edu, A. Aloisi, aloisi@stsci.edu, J. Ely, ely@stsci.edu, G. Kriss, gak@stsci.edu, 
D. Massa, massa@stsci.edu, R. Osten, osten@stsci.edu, S. Osterman, Steven.N.Osterman@Colorado.edu,  
S. Penton, penton@stsci.edu, C. Proffitt, profit@stsci.edu, D. Sahnow, sahnow@stsci.edu 

To forestall possible loss in recorded flux due to charge depletion, we plan to change the per-
manent or “lifetime” position (LP) of spectra on the far ultraviolet (FUV) detector of the Cosmic 
Origins Spectrograph (COS). This 

change will be accomplished by moving the 
aperture in the direction across the disper-
sion. Planned for summer 2012, this fresh 
start should guarantee the performance of 
the COS FUV detector for several years. 
Here, we describe the work undertaken 
to select the new COS FUV LP.

Gain sag

The COS FUV detector is an open-face 
microchannel plate (MCP) with a cross 
delay line (XDL) anode. Incoming photons 
strike the front surface of the MCP and 
release photoelectrons, which are acceler-
ated and multiplied in number as they 
travel down the MCP pores to the back 
surface. Each photoelectron produces an 
electron cloud with ~10 million electrons, 
which are collected by the XDL. The XDL 
uses timing measurements to locate the 
X-Y position of the cloud and to measure 
its total charge (“pulse height” or “gain”). 
(For details on the COS FUV detector, see 
McPhate et al. 2010.)

Because the total amount of charge 
that can be extracted from each location 
in the MCP over its life is limited, the 
number of electrons in the cloud decreases 
with usage. This is the “gain-sag” effect. 
Eventually, some clouds become too small 
to be detected by the electronics, causing 
a local loss in recorded flux. When the local loss in recorded flux reaches 5%, the region is considered 
to suffer from gain-sag effects.

Figure 1 documents the total usage of the COS FUV detector to date. It is a map of the COS FUV 
detector, showing total exposure—all the events that have been collected since the instrument was 
launched. Areas with largest total exposure are more susceptible to gain sag effects.

We have already taken some actions to extend the lifetime of the current, first LP of spectra in 
COS FUV. We have raised the high voltage across the MCP, which increases the charge available for 
extraction. However, this step is useful only up to a point, because the instrument is only certified over 
a limited range of voltage.

To work around localized gain sag due to geocoronal Lyα emission, we can change the grating tilt 
(FP-POS position) to shift the spectrum along the dispersion. However, this step  helps only if a relatively 
small region in the detector has been affected.

Figure 1: Segments A (top) and B (bottom) of the COS FUV detector, showing all the events collected from 
installation in May 2009 until March 2012. The majority of the counts fall along the horizontal stripe near the 
middle of the detector in Y, corresponding to the (current) nominal observing position. Also visible are spectra 
from the wavelength calibration lamp, near Y = 600–650. The bright lines of geocoronal Lyα emission can be 
seen in the main spectral region (4 features on Segment A near X = 2000, and 20 features on Segment B at 
X = 5000–10,000. (Other geocoronal Lyα features are seen at Y = 400 and 700, due to the sky illuminating 
the aperture that is not in use.) The gray scale used in this plot has been stretched to emphasize the features.
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When we can no longer forestall gain-sag effects by raising the voltage or changing the FP-POS 
position, the only solution is to move spectra permanently, in the cross-dispersion direction, to a pristine 
region of the detector—a new LP (see Figure 2). 

Using the data from over two years of COS operations in orbit, we have constructed models to predict 
the evolution of gain sag as a function of time and position on the detector. We have identified two types 
of gain sag. “Gain-sag holes” are localized regions where geocoronal Lyα emission has reached the 

detector, and “continuum effects” 
are regions of the detector that 
have been illuminated by spectra of 
astronomical sources. We consider 
a detector region to be affected by 
gain sag if the loss in recorded flux 
is greater than 5%—or modal gain 
less than three—which is equiva-
lent to the uncertainty in the flux 
calibration. 

While the use of multiple FP-POS 
positions can, in principle, recover 
the information lost due to gain-sag 
holes, the same is not true for con-
tinuum effects. Indeed, our models 
predict that by the fall of 2012, a 
significant portion of the detector 
where science spectra are currently 
recorded will suffer from continuum 
effects. This prospect forces us to 
move to a new LP. In order to add 
a safety margin, we plan to make 
that move around July 2012.

Like the original LP, the new LP 
for routine science operations will be selected to optimize the performance of the detector and optics 
over the next five years. To determine this position, the COS team at the Institute and the COS Instrument 
Definition Team in Colorado conducted a study in summer and fall 2011. The study addressed a variety 
of considerations, including: spectral resolution, projected lifetime, flat-field characteristics, the effect of 

the new position on subsequent positions, the ability to use the wavelength calibration lamp, 
the ability to perform target acquisitions in dispersed light mode, and the impact of a new LP 
on the aperture mechanism. 

Resolution

To learn how the resolution varies with position across the dispersion, we carried out 
observations of an external source (SK191) at positions offset by ±3 arcsec and ±6 arcsec 
from the currently used position (Cycle 19 calibration program 12678). (External data cannot be 
obtained beyond ±6 arcsec due to cross-dispersion constraints on the aperture mechanism). 
Data obtained at the current position (0 arcsec) were convolved utilizing several line-spread 
functions with different widths until a best match was obtained between the convolved data 
and the spectra observed at different offset positions.

Figure 3 shows that moves in the negative cross-dispersion direction lead to a ~20% higher 
resolution degradation than similar moves in the positive direction. This on-orbit behavior is in 
agreement with ray-trace models, which predict that the peak of the resolution occurs between 
0 arcsec (current position) and +3 arcsec.

We also considered how the resolution changes with the position of the aperture in the 
dispersion direction. We were interested in this because moving the aperture ±3 arcsec from 
the current position would allow us to interlace gain-sag holes due to Lyα geocoronal emission. 

These holes are spaced ~6 arcsec apart along the dispersion, which is the separation between adjacent 
FP-POS positions. In other words, we might be able to squeeze the next LP close to the current one, 
with little overlap of the gain-sag holes, while degrading the resolution as little as possible. 

To sort this out, we obtained external data with offsets of –3 arcsec and +2 arcsec from the current 
position. (Due to constraints of the aperture mechanism in the dispersion direction, data cannot be 
obtained at +3 arcsec.) These data show that the resolution at –3 arcsec is considerably worse than 
the resolution at 0 arcsec, while the resolution at +2 arcsec is similar to that at 0 arcsec. These results 
are supported by ray-trace models, which predict that the resolution along the dispersion direction 
peaks between 0 and +2 arcsec.

Figure 2: Image of Segment B of the COS FUV detector, showing data acquired with the G130M/1291 setting, at aperture 
positions that have been offset in the cross-dispersion direction by –6 to +6 arcsec. For simplicity, we do not show the 
WAVECAL data that are obtained concurrently using the internal calibration lamp in time-tag mode. However, the WAVECAL 
location is marked on the right side of the figure. Geocoronal Lyα emission is seen around pixel 8500.

Figure 3: Spectral resolution normalized to the 
current LP (R0 = 19,000 assumed) versus offset 
position in the cross-dispersion direction (“POSTARG”).
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Projected lifetime at each position

The lifetime of the new LP—the duration of time when data can be acquired without suffering from 
significant gain sag—is a function of the initial gain map at the specific location, the detector usage, 
and how close the new position is to the previous position. We simulated the evolution of the gain 
map with time and position in the detector for several combinations of dispersion and cross-dispersion 
offsets (see Figure 4). We computed the fraction of pixels with modal gain less than or equal to 3, 
which corresponds to a loss in recorded flux of 5% or larger. 

These simulations indicate that positions with positive cross-dispersion offsets allow us to mitigate 
gain-sag effects for a longer period of time than similar positions with negative offsets, while offsets in 
the dispersion direction do not prolong the overall lifetime of the new position (and were not considered 
further in our analysis).

Other parameters

Although not as critical as the resolution and lifetime, we also considered other parameters. The overall 
flat-field characteristics of the detector—as judged by one-dimensional flat fields, dead and hot pixels, 
and geometric distortions—favor LPs at positive cross-dispersion offsets from the current position. 
Meanwhile, the number of LPs available for the future is maximized for cross-dispersion offsets of 3–3.5 
arcsec, and the ability to use the wavelength calibration lamp in the same manner as it is used now is 
compromised only for cross-dispersion offsets larger than +5 arcsec. Dispersed-light target acquisitions 
can proceed as usual except for offsets of –6 arcsec in the cross-dispersion direction, where the target 
acquisition algorithm would have to be modified. Finally, for all the scenarios considered, –6 to +6 

Figure 4: Simulated map of the gain in the Segment B of the COS FUV detector 1 year and 3 years after moving to an LP at +3.5 arcsec (top and bottom panels, 
respectively). The simulation assumes the move to the new LP will occur in July 2012, and that the operating high voltage on the detector is the same currently 
used for operations. White areas correspond to detector regions with gain <1. Events falling in these areas are not recorded, leading to an effective loss of recorded 
flux. The blue-dashed rectangle shows the region used for extracting one-dimensional spectra for data obtained with the G160M grating.
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have no concerns about the number of moves that the aperture mechanism would have to make.

Next lP

When we consider all parameters and take into account that the resolution and lifetime at 
each position are the most critical in selecting a new LP, it becomes clear that the next COS LP 
should have an offset of about +3.5 arcsec in the cross-dispersion direction. While a dispersion 
offset of +2 arcsec does not degrade the resolution, it really does not prevent gain-sag holes from 
overlapping, so we have discarded this option. 

The COS FUV channel should be able to use this new LP for at least another three years. The 
quality of the data should be very similar to that taken at the current LP.

We are considering strategies to increase the lifetime of the new LP. One option would be to start 
operations in the new position at a lower high-voltage level and gradually increase it as needed 
to overcome gain-sag effects. This option could gain an additional year. Another option would be 
to develop an extraction algorithm for one-dimensional spectra that takes the cross-dispersion 
profile of the spectra into account.

We have carried out several programs to enable a new LP for science. These programs include 
a high-voltage sweep to select an initial operating voltage that optimizes data quality and position 
longevity; a focus sweep; verification of the aperture and spectrum placement; and updates to the 
target-acquisition parameters. All these enabling programs were executed while science operations 
continued at the current position.

Once the move to the new LP occurs, additional special calibration programs will be executed in 
parallel with science observations. These programs will check the wavelength scales and resolu-
tion, and obtain data for flat-fielding and flux calibration. The calibration of the new LP will be as 
accurate as that of the currently used position, if not better.
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STIS Update
John Debes, debes@stsci.edu, on behalf of the STIS Team

The Space Telescope Imaging Spectrograph (STIS) is still a significantly used instrument on the 
Hubble Space Telescope, accounting for 15% of prime General Observer orbits in Cycle 19. We continue 
to monitor and improve upon the performance of the instrument since its revival in 2009, with two 
Hubble cycles of monitoring complete since Servicing Mission 4 (SM4). Here we report on corrections 
for geometric distortion, time-dependent sensitivity of spectral modes, and dark currents in STIS’s 
charge-coupled device (CCD) and near-ultraviolet (NUV) multi-anode micro-channel array (MAMA).

Geometric distortion corrections for sTIs

Geometric distortion is most important for precision astrometry, but it can also affect photometry if 
incorrectly characterized. After SM4, a re-analysis of each detector’s geometric distortion found that 
the CCD and NUV MAMA detectors were well represented by the older distortion corrections. For the 
far-ultraviolet (FUV) MAMA, however, the distortion correction was discrepant by two–four pixels on 
average (see Figure 1). We have developed new corrections, which we will integrate into the CALSTIS 
calibration software. The average error of the new FUV-MAMA distortion corrections is less than two pixels.
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Time-dependent relative sensitivities of sTIs CCD spectroscopic modes

The relative sensitivities of most STIS spectro-
scopic modes continue to decline with time. In the 
optical and near infrared, the relative sensitivities 
of the STIS CCD grating modes show rates of 
decline similar to those encountered before and 
after SM4 (–0.21%/yr and –0.17%/yr for G430L 
and G750L, respectively). In the NUV, however, 
we find two notable exceptions: G230L shows a 
moderate increase in relative sensitivity (0.09%/
yr; see Figure 2), and G230LB shows a flat trend 
with time. Since the Cosmic Origins Spectrograph 
is showing a similar increase in NUV relative sen-
sitivity, this trend may be due to a change in the 
Hubble optical telescope assembly, rather than to 
instrument-specific causes. In the FUV, the relative 
sensitivity of the G140L mode has been declining 
after SM4 at a rate of –0.23%/yr.

Dark currents in sTIs NUV MaMa and CCD

Accurately removing the contribution of a detec-
tor’s dark current is crucial for observations of faint 
objects. Consequently, for optimal scientific results, 
users require an accurate characterization of both 
the noise and absolute level of the dark current. 
As noted in a previous edition of the Newsletter (Vol. 28, No. 1; https://blogs.stsci.edu/newslet-
ter/2011/02/07/stis-update-2/), the dark rate for the STIS NUV MAMA was higher than expected 
after SM4, primarily due to the population of metastable states within impurities on the MgF2 faceplate 
on the detector. This excessive dark rate has decayed over time. We estimate that the lifetime of the 
metastable states may be as long as 1000 days. The level is currently 2.5 × 10-3 counts/sec/pixel, 
which is about two times the typical dark rate before SM4. Further details can be found in ISR STIS 
2011-03 (Zheng, Proffitt, & Sanhow; http://www.stsci.edu/hst/stis/documents/isrs/201103.pdf).

Figure 1: Red: the average error in the pixel location after the current correction of geometric distortion 
in the FUV MAMA. Black: after the new geometric distortion correction.

Figure 2: The relative sensitivity of the G230L grating versus time. To obtain a measure of relative sensitivity, we 
scaled spectroscopic observations of the Hubble standard star GRW +70D5824 by the first spectrum obtained 
for this star, at the beginning of STIS operations. The points to the right show an increase in the relative sensitivity 
of this channel following SM4.
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The dark rate in the STIS CCD continues to increase with time, primarily due to radiation damage 
and charge-transfer inefficiency (CTI). The noise fluctuations of the dark current do not obey Poisson 
statistics, which introduces uncertainty to the process of subtracting dark current and degrades 
the sensitivity of the CCD to faint objects in observations dominated by background. While the dark 
reference files do a good job subtracting dark current, the pixel-to-pixel deviations can be worse than 
expected. The STIS exposure-time calculator does not currently take this behavior into account. The 
distribution of pixel values in STIS CCD dark exposures is clearly changing with time (see Figure 3). 
The STIS team is investigating the cause of these large deviations and seeking a way to accurately 
account for them when planning observations.

Figure 3: Histogram of the number of pixels over the whole STIS CCD with a dark rate in a given range. The 
peak of the distribution shifts right with time as the dark rate increases. Also, the distribution broadens over time.

Persistence and After- 
Images in WFC3/IR Data
Knox Long, long@stsci.edu, Sylvia Baggett, sbaggett@stsci.edu, & Karen Levay, klevay@stsci.edu 

Most infrared arrays show after-images, known as persistence, following exposures that significantly 
saturate the detector. The mercury-cadmium-telluride detectors on the Wide Field Camera 3 (WFC3) 
infrared channel (IR) are no exception. The after-images can last for several hours. As a result, the 
after-images can masquerade as stars or nebulae in exposures that follow IR observations of bright 
objects. Although after-glows that can affect the science quality of images are rare, observers need to 
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account for them when analyzing WFC3/IR images. Here we describe the 
nature of persistence in the WFC3/IR detector, and present some strategies 
for minimizing its effects in the analysis of WFC3/IR images.

The after-image contained in the image in Figure 1 is exceptional. Had 
it not been recognized as an after-image and was published, it would have 
certainly been embarrassing. Had the observation been an important part of 
the observer’s program, a repeat observation of the field would have been 
needed. Persistence at this level is rare, however. In 98% of the WFC3/IR 
images taken over the six-month period from January through June 2010, 
persistence above 0.03 electrons s-1 per pixel affected less than 2% of 
the pixels. For 95% of WFC3/IR images, less than 0.5% of pixels were 
affected at this level. 

After-images arise from traps (dislocations) in the individual diodes (pixels) 
that compose the array. As a diode accumulates charge during an exposure, 
voltage levels within the diode change, exposing traps to charge—either as 
free electrons or holes. When the diode is reset after the exposure, some of 
this charge remains in the traps, which gradually release it over time. For 
a saturated pixel in WFC3/IR, the signal rate in the after-images is about 
0.3 electrons s-1 per pixel 1000 seconds after the end of the exposure and 
about 0.08 electrons s-1 per pixel an hour after the exposure. By comparison, 
the dark current is typically 0.05 electrons s-1 per pixel.

As shown in Figure 2, we observe very little persistence in the WFC3/
IR detector for signal levels that are less than half saturation (70,000 
electrons per pixel). Persistence—if it exists at all—is confined to regions 
of the detector where the images of a star or a few stars were saturated 
in an earlier exposure. Usually, such saturated stars were not the primary 
targets in the earlier observation. Because random, bright stars can occur 
anywhere—and the telescope could have pointed anywhere recently—
astronomers should be aware of the possibility of unsuspected after-images 
appearing in their science exposures.

Figure 1: Example of persistence. This image from the WFC3/IR was 
obtained in parallel with a spectrum from the Cosmic Origins Spectrograph 
of the active galactic nucleus Ton 580. The diffuse region in the center 
of the image is unlike anything found near Ton 580. It is the after-image, 
due to the persistence of an image of the nearby spiral galaxy NGC 2841, 
which the WFC3/IR had observed two hours earlier. 

Figure 2: Persistence as a function of stimulus in WFC3/IR. For a stimulus less than about 35,000 electrons 
per pixel, we find very little persistence. However, it rises rapidly between 35,000 and 150,000 electrons per 
pixel, and then rises more slowly at higher exposure levels. The various curves indicate how the persistence 
decays with time. To obtain this data, we took a series of dark exposures immediately after a deep exposure of 
the globular cluster Omega Centauri, which included many saturated pixels. The first dark exposure was obtained 
a few hundred seconds after the Omega Centauri exposure, and the last occurred almost two orbits later. 
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One way to eliminate the problem of persistence would be to space out WFC3/IR observations 
sufficiently to ensure that after-images had time to decay away before the next observation. Indeed, 
instrument scientists do attempt to identify potential “bad actors”—sources that could result in after-
images—using information provided by observers or implicit in Phase II proposals. Typically, observations 
with bad actors are observations of crowded star fields, such as globular clusters, the Galactic plane, 
or the central regions of nearby galaxies. The policy is to inhibit further WFC3 observations for two 
orbits after an observation on the bad-actor list. 

As a result of this screening, in recent cycles we have encountered far fewer after-images like the 
one shown in Figure 1. Nevertheless, WFC3/IR observations constitute a substantial portion of Hubble’s 
entire observing program, and while we can eliminate many potential after-images before the fact, 
we cannot avoid many smaller—but still significant—problems with persistence. Therefore, we have 
developed a model to address after-images occurring in WFC3/IR data. The model predicts the after-
images in a new exposure due to previous exposures, taking into account the time that has elapsed. 

We have incorporated the persistence model into prototype software, and we have used the model 
to produce after-images for all existing WFC3/IR data. 

Although after-images are not part of the standard calibration products for WFC3/IR observations, 
they—and various related files—are available through the Barbara A. Mikulski Archive for Space 
Telescopes (MAST), at http://archive.stsci.edu/prepds/persist/search.php, using the search form 
shown in Figure 3. 

Observers can use persistence files in several ways. First, and most importantly, they can use the 
files to identify regions of the detector affected by persistence. These can be excluded from the analysis. 
(Ancillary information on the MAST page allows users to see whether there is anything to worry about 
in the way of persistence.) Secondly, with caution, they can use the information to actually correct the 
data for persistence. Figure 4 shows an example of persistence correction.

Figure 3: Search form for retrieving persistence modeling data products for WFC3/IR observations.



  19  

Continued
page 20

A more detailed description of persistence as it applies to the WFC3/IR channel, including advice 
on how to minimize its effects when planning observations, is available at http://www.stsci.edu/hst/
wfc3/ins_performance/persistence/.

Figure 4: An image of the high Galactic latitude field containing the site of GRB 09023. Left: before subtracting 
the persistence. Right: after subtracting the persistence. Prior to the observation of the gamma-ray-burst field, 
WFC3/IR observed several star-forming regions in the Galaxy. The dither pattern for the earlier exposures is seen 
clearly in the left panel. The model removes most, but not all, of the effects of the persistence.

Wide Field Camera 3  
Update
John W. MacKenty, mackenty@stsci.edu 

The Wide Field Camera 3 (WFC3) continues to perform well. This article highlights several recent 
operational and calibration improvements. 

Of interest to many observers is the major release of updated ultraviolet-visible (UVIS) flat 
fields and photometric zero points. The culmination of several years of work, these flat fields update 
the pre-launch flat-field calibrations with significantly smaller low-spatial-frequency residuals. Although 
the pixel-to-pixel (i.e., high-spatial-frequency) flat fields are well calibrated by the ground measure-
ments (and have proven to be very stable in flight), they contained 4–6% gradients across the field of 
view. These gradients are due to mismatch between the ground calibration illumination source and the 
Hubble’s actual optical system. Using the techniques previously employed by the teams of the Wide 
Field Planetary Camera 2 and Advanced Camera for Surveys (ACS), WFC3 obtained multiple offset 
observations in ten broad-band filters of a rich star-field in the globular cluster Omega Centauri. Fitting 
smoothed surfaces to the differences between these observations provides a correction to the original 
flat-field calibration. Since the corrections vary slowly with wavelength, flat fields for the remaining 
filters were corrected based upon the ten measured filters. 

Creating these new WFC3 flat fields required the resolution of two major complications. First, the UVIS 
detector package has two optical windows and charge-coupled device (CCD) detectors whose surfaces 
are significantly more reflective than their ACS counterparts. These increases are a consequence of the 
greater wavelength coverage of the WFC3 detector. This higher reflectivity results in a more pronounced 
“flare” feature, which significantly contributes to the gradient in the pre-launch flats. Second, thermally 



  20  

WFC3
from page 19

induced shifts in Hubble’s focus (a.k.a., “breathing”) have a disproportionate impact on the encircled 
energy profile of stars near the A amplifier of the CCD detector array. Given the fairly crowded star 
field of Omega Cen, it is necessary to establish a satisfactory breathing correction for small apertures 
as a function of position on the detector, wavelength, and breathing state. These two effects—flaring 
and breathing—are intertwined and their resolution is discussed in the previous STScI Newsletter 
article by Elena Sabbi and John MacKenty (see https://blogs.stsci.edu/newsletter/2011/10/20/
wfc3-flat-fields/ ). These calibrations were installed into the pipeline and made available for download 
in December 2011. (Seven of the UVIS flat fields and all of the infrared (IR) flat fields were previously 
installed into the pipeline. Please see the online documentation at http://www.stsci.edu/hst/wfc3).

We have updated all of the WFC3 photometric zero points using the new flat fields. The new zero-point 
calibrations used a larger set of cali-
bration stars and multiple observations 
over time and position within the field of 
view. These calibrations are based upon 
the full set of photometric monitoring 
observations obtained since the start of 
WFC3 operations. The zero points have 
typically changed by 1–2%, mostly due 
to the improved flat-field corrections. 

WFC3 remains very stable in its pho-
tometric calibration, showing <0.5% 
change since launch. One major change 
in the photometric calibration was the 
adoption of measured values for every 
filter. During early testing on orbit, the 
pre-launch photometric calibrations were 
corrected using smooth polynomials as 
a function of wavelength. Most of the 
discrepancies greater than 2–3% are 
seen in narrow-band filters. In 2009, 
based upon fewer standard stars, it 
was unclear whether these were real 
or due to limitations in the modeling of 

Figure 1: Striking example of gravitational lensing, with a nearly 90-degree arc of light, in the galaxy cluster 
RCS2 032727-132623. (http://hubblesite.org/newscenter/archive/releases/2012/08/full/ ) 

Figure 2: S106 infrared-visible-ultraviolet composite image. Twin lobes of super-hot gas, glowing blue in this 
image, stretch outward from the central star. A ring of dust and gas orbiting the star acts like a belt, cinching the 
expanding nebula into an hourglass shape (see http://hubblesite.org/newscenter/archive/releases/2011/38/ ).
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the standard stars. Starting in March 2012, the photometric zero points for all 77 UVIS and IR filters 
are updated. These observations show excellent agreement over four standard stars. Jason Kalirai and 
Abhijith Rajan will publish a detailed discussion of these calibrations soon as an Instrument Science 
Report, which will be available at http://www.stsci.edu/hst/wfc3/documents/ISRs/.

During Cycle 19, the WFC3 calibration program is concentrating on the validation of the combined 
performance of the zero-point and flat-field calibrations. Additional standard stars are being observed, 
and grid patterns and spatial scans of observations of individual stars are being obtained to more 
accurately characterize the uncertainties observers should expect to achieve. We are also looking 
into further improvements to the flat fields for F218W, F225W, and F275W. These flats have residual 
mid- and high-spatial-frequency errors, because the ground calibrations were obtained at warmer 
operating temperatures for the detectors than the temperatures experienced in flight. These residuals 
are expected to be stable, but result in ~5% structures in the ultraviolet flats.

Readers are directed to the companion article in this Newsletter by Knox Long, Sylvia Baggett, and 
Karen Levay regarding the availability of predicted persistence images for the IR detector. These images 
are based upon our increasing understanding of the behavior of the persistence signal in the IR focal 
plane, and upon our implementation of a pixel-tracking mechanism within the Hubble calibration systems.

Two topics arising for WFC3 will be discussed in future articles and in reports available at http://
www.stsci.edu/hst/wfc3. First, the consequences of accumulated radiation damage to the CCD 
detectors are becoming increasingly important to observers. The effects of this damage—the increased 
rate of hot-pixel generation, the increase in the bulk dark current, and the increase of charge-transfer 
inefficiency—closely track our expectations and prior experience with ACS. The Institute is planning 
to provide a white paper containing detailed advice for Phase 2 proposal development for both the 
ACS Wide Field Camera and WFC3/UVIS in June 2012. The second upcoming topic is the application 
of a spatial scan mode to several projects. This application is showing considerable promise. Initially 
implemented to support high signal-to-noise-ratio observations of exoplanet transits, it has now been 
used to obtain spectrophotometric observations of Vega, high-precision astrometric observations, and 
tests of flat-field accuracy.

Figure 3: Composite picture of Centaurus A, combining light from ultraviolet through near-infrared wavelengths 
(see http://hubblesite.org/newscenter/archive/releases/2011/18/ ).
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Webb Status:  
Out of Replanning and  
into Implementation
Jason Kalirai, jkalirai@stsci.edu, & Alberto Conti, aconti@stsci.edu 

Replanning the Webb project

A fter major changes in 2011, the Webb project enters 2012 with a new plan. A 2010 independent 
assessment of the project status, schedule, and budget found several major concerns, and 
NASA took steps to address each of them. For example, project management at the Goddard 

Space Flight Center (GSFC) and NASA headquarters was changed; the Webb 
project is now a separate program office in NASA’s Science Mission Directorate, 
outside of Astrophysics. This gives the project more visibility and oversight. The 
new schedule for Webb baselines a 2018 launch date and a total cost to launch of 
$8B. For the first time in the project’s history, the new budget includes adequate 
contingency in each year until launch, which should minimize the chance of cost 
overruns or schedule slips. An additional $835M is budgeted for post-launch 
costs, which include science operations, flight operations, and general-observer 
grants to the astronomical community. 

Implementing the new Webb plan

In the FY2012 budget, the U.S. Congress authorized $530M for Webb, exactly 
what is called for in the new plan. As a result, the project has moved forward 
and met dozens of milestones in late 2011 and early 2012, reaching many ahead 
of schedule. The Webb project has created a new web page with an online 
table that summarizes recent accomplishments: http://www.jwst.nasa.gov/
recentaccomplish.html. The project will update this web site approximately 
once per month. 

In 2012, the Webb project expects to meet several major milestones. The 
full-field, cryogenic, optical simulator of Webb (OSIM) will complete cryogenic-
vacuum certification. OSIM will provide simulated point-source images to test 
the optical performance of the Webb instruments. Another major milestone is 
the delivery of the flight instruments to GSFC. The Mid-Infrared Instrument was 
delivered in May 2012, signifying an important achievement for the project. The 
Near Infrared Camera and the Fine Guidance Sensor/Near-InfraRed Imager and 
Slitless Spectrograph are on schedule for delivery in 2012. The Near-Infrared 
Spectrograph will follow in 2013. The milestone delivery of the science instruments 
will signal that the Webb project has begun the integration and testing phase.

The new Webb budget calls for $628M for FY2013. The President’s budget 
request, released on February 13, 2012, calls for exactly this level of support. 
Both the House and Senate appropriations are also consistent with this level.

science

The Webb science case grows and sharpens as the project reaches maturity. Progress on many 
frontiers of astrophysics demands a telescope with greater sensitivity and resolution than current 
facilities, particularly in the infrared part of the spectrum. For example, a deep-infrared image with the 
Hubble Space Telescope has just revealed a galaxy with redshift z = 10. This single object provides a 
tantalizing glimpse of what today’s galaxies looked like at an earlier time. When it is launched, Webb 
will be the only telescope that can discover large samples of such galaxies, which are needed to answer 
fundamental questions, such as: How did the dark matter halos of galaxies first form? How were the 
heavier elements first produced? When was the universe reionized? 

Webb will also resolve ambiguities in spectral-energy distributions from Hubble and Spitzer by 
spectroscopically characterizing early systems, at z > 9, and in stellar contributions at z > 10.

Webb will also be a powerful facility for areas of science other than cosmology. At the January 2012 
meeting of the American Astronomical Society (AAS) in Austin, Texas, hundreds of members attended a 
talk by Dr. David Charbonneau (CfA, Harvard) titled, “Sniffing Alien Atmospheres with Webb.” The talk 
was part of a Webb town hall meeting, which included updates on the project’s status. Dr. Charbonneau’s 

Figure 1: Poster of the “Student Meet-Up with Nobel Laureate Dr. 
John Mather.” Dr. Mather spoke to over a hundred students about 
Webb science and technology, as well as future opportunities for 
them to get involved.
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inspiring talk reminded attendees of the 
unique scientific capabilities of Webb, 
and its exciting promise to characterize 
exoplanets in the Milky Way. For example, 
the telescope’s sensitivity could allow the 
discovery of water vapor on an Earth-like 
exoplanet. 

During the AAS meeting, the Webb 
team engaged with many of the com-
munity at the Institute booth. These 
discussions reinforced the diverse sci-
ence case of Webb. From imaging and 
spectroscopic exploration of planets in 
our Solar System to ultradeep probes of 
nearby, resolved stellar populations, to 
a wide range of extragalactic studies, 
Webb will offer a major leap forward on 
the frontiers of astrophysics.

Community input

At the Institute booth, the Webb team 
organized a short survey of community 
views. The goal of this survey—the first 
of several planned—is to better understand the community’s needs for Webb as a facility observatory. 
Potential users spent a couple of minutes answering six short questions related to tools, high-level data 
products, and documentation. About 80 astronomers participated in the survey.

We wanted to know the type of data-reduction tools astronomers expect from Webb. As illustrated 
in Figure 3, most people called for better data-mining and extraction capabilities, coupled with tighter 
integration among existing proposal, plotting, and data-reduction tools. In a related question, most users 
also expressed a strong interest in obtaining high-fidelity, science-ready, co-added images.

We questioned users about their expectations on “Level 4” data products—photometric catalogs, 
star-galaxy separation, classification catalogs, and value-added products in general. The large majority 
of users said this was an important part of what Webb should deliver (see Figure 4).

We polled users about the types of documentation they would prefer as the Webb launch approaches. 
Almost everyone called for electronic-only documentation. Also, 30% of users thought that it would 
also be important to have documentation on mobile devices, such as an iPad or iPhone. The majority 
agreed that this feature would be a “nice to have” but not essential (see Figure 5).

Figure 2: Dr. Jason Kalirai giving a talk at the NASA “Hyperwall.”

Figure 3: The “wordle” or “word cloud” based on community responses to the question, “What kind of data 
reduction tools would you like to see for Webb that are not available today for Great Observatories such as 
Hubble, Spitzer, and Chandra?” Users expressed the greatest interest in obtaining science-ready, co-added 
images. Better data-mining tools were a close second. 
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Get involved with Webb 
We continue to collect data and user input in order to optimize the science output of Webb. If you 

missed the survey at the Webb AAS booth and would like to participate, please visit http://goo.gl/FmLHt. 
In 2012, the Webb team plans to support several events. We were at the U.S. Science & Engineering 

Festival in Washington, DC (March) and the summer AAS meeting in Anchorage (June); and will 
attend the SPIE meeting in Amsterdam (July) and the Division of Planetary Sciences meetings in Reno 
(October). Members of the team will also be on hand at each of the meetings of the NASA Astrophysics 
Subcommittee. Please visit us at these events, keep up to date with our recent accomplishments, and 
stay tuned to http://www.stsci.edu/jwst for more information.

Figure 5: Poll question: “How important is it for 
you to be able to access Webb documentation on a 
mobile device (e.g., iPad, iPhone)?” 

Figure 4: The poll asked, “How important is it for 
Webb’s pipeline to release Level 4 data products (e.g., 
photometry catalogs, star-galaxy separation)?” The 
majority of potential Webb users thought that Level 4 
products were important.

Introducing NIRISS:  
A New Science  
Instrument for Webb
René Doyon, doyon@astro.umontreal.ca, Alex Fullerton, fullerton@stsci.edu

Last July, the Canadian Space Agency (CSA) reluctantly decided to discontinue work on the 
Tunable Filter Imager (TFI) for Webb. This decision, which was made in consultation with the 
science team for the Webb Fine Guidance Sensor (FGS), came after it became clear that vari-

ous technical issues associated with operating the Fabry-Perot etalon at cryogenic temperatures were 
unlikely to be resolved in time to meet the instrument’s delivery schedule. 

In its place, CSA is providing a new science instrument that enhances the capabilities of the Webb 
observatory while also being simpler to build and operate. The reconfigured hardware has been named 
the Near InfraRed Imager and Slitless Spectrograph (NIRISS). The NIRISS configuration eliminates the 
etalon and re-populates the dual wheel of the TFI with spare broad-band filters from the Near Infrared 
Camera (NIRCam), several carefully defined new filters, and three dispersing elements (grisms). As 
with the TFI, NIRISS shares its optical bench with the Fine Guidance Sensor (FGS), but is functionally 
separate from it.
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NIRISS is designed to provide observations that will advance each of the four 
Webb science themes: (1) the end of the “dark ages”—“first light” and reionization; 
(2) the assembly of galaxies; (3) the birth of stars and protoplanetary systems; and 
(4) planetary systems and the origin of life. However, as a reflection of the interests 
of the science team, it has been optimized for investigations of first light and the 
detection and characterization of exoplanets. NIRISS will complement and extend 
the existing near-infrared capabilities of Webb by providing alternate and, in some 
cases, enhanced techniques for carrying out specific observational programs.

Hardware configuration

Figure 1 shows the internal layout of NIRISS. Light from the Webb optical telescope 
element (OTE) is intercepted by the pick-off mirror and collimated before passing 
through optical elements in the pupil wheel and filter wheel assembly. The camera 
focuses light onto the detector, which is a 2048 × 2048 mercury-cadmium-telluride 
array manufactured by Teledyne Imaging Sensors. The field of view of NIRISS is 2.2 
× 2.2 arcmin, which provides a plate scale of ~65 milliarcsec per pixel.

Figure 2 provides a schematic illustration of the nine optical elements in the pupil 
wheel and filter wheel.

The pupil wheel carries:

 • an open element (OPENP). When it is selected, only the component in the filter wheel conditions 
the light. The Pupil Alignment Reference (PAR) mirror and support struts produce a small central 
obscuration. The PAR is only used during ground testing. 

 • a grism (G700XD), which provides cross-dispersed spectra with resolving power R ~ 700 in 
first order, near the blaze wavelength (1.23 microns).

 • a seven-hole aperture mask with non-redundant baselines (NRM). 

 • two medium-band “blue” filters, which are centered at 1.40 and 1.58 microns.

 • four broad-band “blue” filters, which are centered at 0.90, 1.15, 1.50, and 2.00 microns. These 
filters are NIRCam flight spares combined with long-wavelength (>2.5 microns) blockers.

 • All the elements in the pupil wheel have Lyot stops, which either outline the OTE (a 30-sided 
polygon known as a tricontagon or triacontagon), or consist of a square (G700XD) or the NRM.

The filter wheel carries:

 • an open position (OPENF), which allows light to be conditioned only by a component in the 
pupil wheel.

 • two grisms (G150H, G150V), which provide spectra with R =150 near the blaze maximum (1.30 
microns) in first order. The grisms are identical, but are mounted so that spectra are dispersed 
in orthogonal directions on the detector. These directions are indicated schematically by H and 
V, which stand for “horizontal” and “vertical,” respectively.

Figure 1: Layout of NIRISS. Illustration courtesy of Com Dev.

Figure 2: Schematic illustration of the components of the NIRISS pupil wheel (left) and filter wheel (right), as 
viewed from the pupil-whel side of the assembly.
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 • three medium-band filters, with central wavelengths of 3.8, 4.3, and 4.8 microns. These 
wavelengths constrain the spectral energy distributions of brown dwarfs and exoplanets, and 
were chosen specifically for use with the NRM.

 • three broad-band “red” filters, which are centered at 2.77, 3.56, and 4.44 microns. These filters 
are also flight spares from NIRCam.

New Capabilities

The elements indicated in Figure 2 enable NIRISS to pursue science goals that 
are similar to those of the TFI. In particular, NIRISS extends the tools available 
onboard Webb to study distant Ly𝜶 emitters—one class of primeval galaxy—and 
to detect and characterize exoplanets. 

Four observing modes implement the full range of NIRISS capabilities:

1. Wide-field slitless spectroscopy. 

This mode is optimized to detect faint emission-line objects such as high-
redshift (7 < z < 17) Lyα emitters over the field of view of NIRISS. It uses the 
two G150 grisms to provide low-resolution spectra (R = 150) between 1 and 2.5 
microns in first order. To facilitate data reduction and analysis, the two grisms 
disperse light so that the spectra produced in a matched pair of exposures 
have wavelength scales increasing in orthogonal directions on the detector. 
The grisms are used with various blocking filters in the pupil wheel to isolate 
specific wavelength intervals in the first-order spectra. Although these filters 
restrict coverage to a relatively narrow wavelength range, the line-flux sensitivity 
of this mode is competitive with multi-object spectroscopy using Webb’s Near 
Infrared Spectrograph (NIRSpec). Consequently, this mode provides an attractive 
observing strategy for identifying high-redshift Lyα emitters.

2. Single-object slitless spectroscopy. 

This mode provides medium-resolution spectroscopy (R ~ 700 near the first-
order blaze maximum) of stars as bright as J = 5 between 0.6 and 2.5 microns. 
Such wide wavelength coverage is achieved by cross-dispersing three spectral 
orders, as shown in Figure 3. To optimize this mode for very high signal-to-noise 
ratio observations of bright objects, a built-in weak lens defocusses the spectra 
in the spatial direction. Since there are no slit losses even in the presence of 
pointing jitter, this mode permits high-precision differential spectrophotometry. 
We expect it to become a powerful tool for characterizing the atmospheres of 
transiting exoplanets around bright stars (see Figure 4). The wavelength coverage 
provided by this mode of NIRISS nicely complements the grism of NIRCam, which 
operates between wavelengths of 2.5 and 5.0 microns.

3. Aperture-mask interferometry. 

The NRM enables an interferometric technique for high-contrast imaging. This 
mode should provide the best spatial resolution of any instrument on Webb, and 
permits faint companions (contrast ~10–4) to be detected very close to bright 
stars (70 to 500 milliarcsec). The NRM is designed to work with three medium-
band filters (F380M, F430M, F480M) that have been carefully selected for 
their diagnostic utility. This mode complements the coronagraphic capabilities of 
NIRCam and the Mid-Infrared Instrument (MIRI) by permitting exoplanets to be 
studied at quite small separations from their host stars. The technique can also 
be used to perform aperture synthesis observations to probe the inner structure 
of young stellar objects and nearby active galactic nuclei. 

4. Imaging. 

NIRISS is capable of broad- and medium-band imaging between 0.9 and 
5 microns. Its suite of filters includes seven of the eight broadband filters that 
NIRCam will use to search for Lyman-break galaxies. In general, NIRCam will be 
the camera of choice for these applications, since its field of view is twice that 

Figure 3: Simulated G700XD spectrum of the recently discovered 
super-earth transiting system GJ1214b. The three spectral orders are 
visible as curved traces spanning the 0.6 to 2.5 micron wavelength 
range in this logarithmically scaled image. The spectrum is slightly 
defocused in the spatial direction by a built-in weak lens that enables 
observations of bright stars. Simulation by David Lafrenière (Université 
de Montréal).
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of NIRSS, and since it obtains “blue” and “red” images simultaneously. However, parallel observations 
in the imaging mode of NIRISS could extend this sky coverage even more during deep-field survey 
programs with NIRCam. Parallel observations with NIRISS and NIRCam or another instrument would 
offer a significant gain in observational efficiency for the Webb observatory. This gain will be realized, 
if, at some point in the future, it is decided that Webb should support parallel science observations. 

Current status

The FGS and the TFI configuration of NIRISS (sans etalon) 
successfully completed their final cryogenic performance test 
campaign in January, 2012 (see Figure 5). All the new optical 
components needed for NIRISS are currently under manufacture, 
and will be tested and integrated into the pupil and filter wheels 
in the spring of 2012. Although the schedule remains tight, the 
FGS team expects to deliver FGS/NIRISS to the Goddard Space 
Flight Center in the summer.

For more information about NIRISS and its expected per-
formance, please consult its website: http://www.stsci.edu/
jwst/instruments/niriss.

Figure 4: Simulated transit spectrum of the super-earth transiting system GJ11214b: a planet roughly three times 
the size of the Earth transiting a low-mass star approximately one-fifth the size of the Sun. In this simulation, the 
planet is assumed to have a hydrogen-rich atmosphere similar to solar-system gas-giant planets like Neptune. 
The thin red line is the theoretical model from Miller-Ricci & Fortney (2010, ApJ, 716, L74). The thick black line 
is the predicted spectrum after a total of 2.3 hours of exposure (0.77 hr in transit and 1.5 hr outside transit) with 
the G700XD grism of NIRISS. The 1-sigma noise level (photon noise only) is represented by the gray envelope. 
Numerous spectroscopic features are visible, including the broad absorption bands of water near ~1.15 and 
~1.4 µm. Simulation by David Lafrenière (Université de Montréal).

Figure 5: The flight hardware of the FGS (on top of the optical bench) and NIRISS 
(underneath the optical bench) after its successful cryogenic performance test at the 
David Florida Laboratory in Ottawa (Canada). Photo by John Brebner (Communications 
Research Center Canada).
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Barbara A. Mikulski Archive 
for Space Telescopes
Karen Levay, klevay@stsci.edu, with contributions from the MAST team

The Barbara A. Mikulski Archive for Space Telescopes (MAST) is NASA’s data repository for 
astronomy missions in the ultraviolet–optical–near-infrared wavelength range, including both 
active and legacy missions. MAST supports the astronomical community by facilitating access 

to its collections, offering expert user support, and providing software for calibration and analysis.
As of April 1, 2012, the volume of MAST’s data holding is over 185 TB. Over the past two years, the 

archive ingests on average 1.6 TB of data and distributes over 7.5 TB of data each month.

Infrastructure upgrade for the Hubble archive

The server infrastructure for archiving and data processing recently 
underwent a long-overdue upgrade. The upgrade improved the 
speed of the average Hubble retrieval by a factor of 11 (from about 
90 minutes to less than 8). The new configuration provides us with 
a stable environment with room for future growth in storage and 
processing capacity.

Since 2003, the servers for the Hubble Data Archive and 
Distribution System (HST-DADS), and Operational Pipeline Unified 
System (OPUS) had been running on a SunFire cluster with Solaris, 
and utilized Sybase database servers. That configuration had also 
been used for Kepler data. In the upgrade, we deployed new Dell 
PowerEdge servers that run the Red Hat Enterprise Linux operating 
system and use MicroSoft SQL database servers. 

The initial migration of the DADS software to the new configuration 
was completed in summer 2010, for the latest installation of DADS 
for the Webb science integration and test data system. The transfer 
of HST-DADS and OPUS to the new configuration was complicated. 
The migration of 20+ years of Hubble data required months of 
testing by the instrument teams to verify that the new software 
would produce identical scientific results to the old configuration. 

Another large effort involved the verification and validation of the database servers. This involved 
verifying data content and query performance between the two systems. The testing ensured that the data 

Figure 1: X-axis: the current data volume in TBs hosted at MAST. Y-axis: 
the cumulative data volume distributed to the community. This snapshot 
was taken April 1, 2012.

Figure 2: Median time to process a user request for Hubble data, broken down by processing type: on-the-fly 
reprocessing (OTFR) and non-OTFR.
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coming from the new systems provided results 
with the same data quality, and confirmed that 
the performance from the new systems was 
significantly improved.

In a final testing phase, we operated the new 
and old systems in parallel for approximately 
six months, verifying their identical functionality 
and minimizing the impact to our customers. 
In September 2011, the old Hubble system 
was shut off and decommissioned; the Kepler 
system came online shortly thereafter, with all 
work completed in October 2011.

Hubble legacy archive

Data release 6 (DR6) of the Hubble Legacy 
Archive (HLA) is now available. The HLA offers 
science-ready Hubble data products, with easy 
access by advanced search and browsing capa-
bilities. The HLA Frequently Asked Questions 
(FAQ) pages have a wealth of information about 
the HLA interfaces, inventory, image process-
ing, mosaics, source lists and footprints. See 
http://hla.stsci.edu/hla_faq.html.

DR6 includes enhanced Wide Field Camera 3 (WFC3) images from a revamped pipeline. The improved 
format of these new images includes pixel-by-pixel exposure-time information and other details about 
the contributing exposures. See http://hla.stsci.edu/hla_faq.html#General2.

So far, the HLA team has processed and released about one year’s worth of newly public Advanced 
Camera for Surveys data. See http://hla.stsci.edu/hla_faq.html#General2.

Figure 3: The core of the spiral galaxy M100 (NGC 4321) in a WFC3 visible broad-band image in B, V, and I. 

Figure 4: Planetary nebula NGC 6302 in three WFC3 visible narrow-band filters (O III, H-Alpha and N II).
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The SAAClean procedure was applied to a fraction of previously released data from the Near Infrared 
Camera and Multi-Object Spectrometer. Information about SAACLEAN can be found in the NICMOS 
Data Handbook. See http://www.stsci.edu/hst/nicmos/documents/handbooks/DataHandbookv8/
nic_ch3.7.4.html#403532.

The HLA team has released several new sets of high-level science products from the community. 
These include data produced by the current Multi-Cycle Treasury programs: the Cosmic Assembly Near-
IR Deep Extragalactic Legacy Survey (CANDELS), PIs Faber/Ferguson; Cluster Lensing and Supernova 
survey with Hubble (CLASH), PI Postman; and the Panchromatic Hubble Andromeda Treasury (PHAT), PI 
Dalcanton. These programs were described in detail the Summer 2010 STScI Newsletter. See https://
blogs.stsci.edu/newsletter/2010/08/04/the-hubble-multi-cycle-treasury-science-program/.

The HLA interface now complies more closely with Virtual Observatory (VO) standards and provides 
more feedback to users conducting searches using lists of positions. Users can now export images 
directly to JPEG files, better control image contrast, and select large numbers of datasets with a 
“Select All” button. 

The HLA interface is at http://hla.stsci.edu, and detailed release notes can be found at http://
hla.stsci.edu/hla_release.html.

The revamped WFC3 pipeline produced the following images (Figures 3–5). While the improvements 
to the pipeline do not produce visible image improvement, the improvements in the data structure, 
flagging of unreliable data and in the logical flow of the code, and improvement in the users’ ability to 
estimate noise for bright sources comprise an overall improvement to the process and product. Some 
improvements will produce visible results when producing multi-visit mosaics, but these are not included 
in the current data release.

Figure 5: An infrared view of the Antennae Galaxies in WFC3 produced from a combination of two IR filters. 
The “blue” filter captures Paschen-beta, while the “red” filter is a broad-band filter close to the classic H band. 
Star-forming regions have an excess of Paschen-beta emission, and thus appear blue. Normal stars produce a 
nominal proportion of light in both filters, thus looking nearly white—with slight chromatic variations depending 
on their type. The image emphasizes active star-forming regions with respect to normal stars. 



  31  

Continued
page 32

Table 1. New Hubble Fellows for 2012

2012 HUBBlE FEllOW Ph.D. INsTITUTION HOsT 
INsTITUTION

Xuening Bai Princeton 2012 SAO*

Alis Deason U Cambridge 2012 UCSC

Jennifer Donley U Arizona 2009 LANL

Robert Feldmann ETH Zurich 2010 UCB*

Michele Fumagalli UC Santa Cruz 2012 OCIW*

Kaitlin Kratter U Toronto 2010 U Colorado

Xin Liu Princeton 2010 UCLA

Michael McDonald U Maryland 2011 MIT

Matthew McQuinn Harvard 2009 UCB*

Kohta Murase Kyoto U, Japan 2010 IAS

Stella Offner UC Berkeley 2009 Yale*

Steven Rodney U Hawaii 2010 JHU

Leslie Rogers MIT 2012 Caltech

Yue Shen Princeton 2009 OCIW*

James Steiner Harvard 2012 SAO*

Erik Tollerud UC Irvine 2012 Yale*

Mark Vogelsberger MPI/LMU, Germany 2010 HCO

*  These institutions have accepted two new Fellows in 2012, and are therefore ineligible to host a  
new Hubble Fellow in 2013.

Hubble Fellowship News
Ron Allen, rjallen@stsci.edu 

The Hubble Fellowship Program awards postdoctoral fellowships to candidates of exceptional 
research promise in astronomy and astrophysics. The program has been in existence for 22 
years, and its recipients can now be found among the ranks of the faculty at college and 

university campuses and the professional staff of research institutions across the nation and beyond. 
Many recipients participated in the recent Decadal Survey of Astronomy and Astrophysics. 

The scientific scope of the program includes goals addressed by any of the missions in NASA’s 
Cosmic Origins Program. These missions presently include: Hubble Space Telescope, Spitzer Space 
Telescope, Stratospheric Observatory for Infrared Astronomy, Herschel Space Observatory, and James 
Webb Space Telescope. The program is funded by NASA and managed by the Institute. It is open to 
applicants of any nationality. 

Fellows choose their host institution anywhere in the U.S., subject to a maximum of one new fellow 
per institution per year. The duration of the fellowship is up to three years. More details are available 
at http://www.stsci.edu/institute/sd/fellowships/hubble.

selection of the 2012 Hubble Fellows

The 2012 Hubble Fellow Selection Committee met at the Institute on January 19–20, 2012, to 
consider the 278 applications received by the deadline of November 3, 2011. Prof. Raja Guhathakurta 
(UC Santa Cruz) chaired the 15-member committee of expert researchers from the astronomical 
community. The selection criteria, as always, were based primarily on the scientific excellence of the 
research proposals. The high quality of the applicant pool made it difficult for the committee to single 
out the most outstanding candidates. Offers were made to short-listed candidates in early February. 
The new Hubble Fellows (see Table 1) are set to take up their fellowships in the fall of 2012.
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Figure 1: Hubble Fellows and Institute support staff at the 22nd Hubble Fellows Symposium.

Hubble Fellows symposium

The 22nd annual Hubble Fellows Symposium returned to the Institute this year and was held on March 
5–7, 2012. The symposia allow the Hubble Fellows to discuss their research and to meet face-to-face 
with other Hubble Fellows and with the scientific and administrative staff who manage the program. 

Figure 1 is a group photograph of the symposium participants. 
The program and recorded video of the symposium are available at https://webcast.stsci.edu/

webcast/archive.xhtml.
A complete list of Hubble Fellows since 1990 is available at: http://www.stsci.edu/institute/sd/

fellowships/hubble/fellows-list

Webcasting at the Institute
Calvin Tullos, tullos@stsci.edu 

A decade ago, webcasting began at the Institute as an experiment in the erstwhile Office of 
Development, Technology, and Innovation. The goal has been to increase the impact of scientific 
talks presented in the Institute’s auditorium by broadcasting them over the Internet. The first 

event was “Dark Matter,” the 2001 Spring Symposium. Then as now, anyone worldwide could go to the 
Institute’s streaming-media website and “attend” a talk—listen, see the pictures, and take in the Q&A. 

Following the success of the first trial, demand has steadily increased for webcasting technology 
and services at the Institute. This demand comes from internal and external users, and involves both 
real-time audiences and browsers in the archive. Today, real-time users account for only 10–15% of 
the webcasting audience, with the rest being archive users. The archive contains over 1.7 terabytes 
of webcast presentations.

Webcasting has come a long way in ten years, which is no surprise for an enterprise based on 
high-performance computers, high-speed networks, and vast information storage. Trying to operate 
on the cutting edge of such technologies has improved production values, increased the reliability of 
capturing the audio and video, and has elevated the overall user experience. Initially, we used remotely 
controlled security cameras and borrowed computers. We experimented with various encoding and 
serving software. The video quality was barely passable. Production lighting was a constant challenge, 
in part because overhead projectors and transparencies were still in use. Today, of course, speakers use 



  33  

Continued
page 34

Figure 1: Streaming Team (from left to right) Hugh Wilson, Calvin Tullos, Susan Rose and Thomas Marufu

their computers to transport and deliver their presentations, and the computer graphics now flow seam-
lessly into the webcast. Meanwhile, the Institute’s infrastructure of audio-visual equipment—cameras, 
microphones, audio and video mixers—has advanced, as have capabilities for formatting, encoding, 
storing, and delivering presentations. To users, probably the most noticeable technical advances are 
due the steady increase of available bandwidth, which translates directly into improved quality of the 
webcast experience. In 2012, we plan to introduce the high-definition video format.

Despite enormous gains in technology, real-time broadcasts of all kinds retain some of the spontane-
ity and occasional frisson of the live theater. This is true of Institute webcasting, too. The webcasting 
team is always on the set, ready to trouble-shoot and fix problems. Going to the front of the auditorium 
before a packed house is not for the faint of heart! Usually, if we act as if we know what we are doing 
and stay calm while others may be getting agitated, things work out. Meanwhile, we have become 
familiar with every manner of undesirable laptop behavior, often due to temperamental hardware or 
software. In a pinch, we can call on the Institute help desk or colleagues in other branches to bail us 
out in a critical situation. 

The variety of programming of Institute webcasts has also expanded over the years. The staple is 
still scientific talks, including colloquia, mini-workshops, and multi-day conferences. Regular series 
include Spring Symposia, Public Lecture Series, Hard Science/Soft Skills, Youth for Astronomy and 
Engineering, All Hands Meetings, and talks by Hubble Fellows, summer students, and post-docs. We 
also carry rocket launches, NASA press-release briefings, and visits from astronauts, senators, and 
other luminaries. This programming is available to the world at https://webcast.stsci.edu/webcast/. 

Our webcasting clients include almost every department of the Institute and some at the Johns 
Hopkins University. For example, we recently carried a special event put on for graduate students in 
the French Department—this was the first time we covered an event without understanding a word. 
(Meanwhile, does attending practically every scientific talk at the Institute for ten years qualify for a 
degree of some kind?)

The webcasting team is pleased to offer first-class streaming services to the Institute and its com-
munities. We are proud to play a part in the evolution of the workplace, including the various work styles 
made possible by higher computer speeds, greater network bandwidths, and increasing portability. 
Indeed, we are now exploring streaming to mobile devices. 

Like everyone else in the astronomical community, we don’t know what discoveries and innovations 
the coming decade will hold. Nevertheless, we suspect you may learn about them on a webcast.
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Figure 3: 2011 Parent and Daughter Evening under the Stars

Figure 2: Visit to Western High 
School in Baltimore, Maryland

Youth for Astronomy and 
Engineering Program 
2011 Highlights
Tania Anderson, tanderson@stsci.edu

The Youth for Astronomy and Engineering (YAE) program, in the 
Community Missions Office at the Institute, develops and offers 
a variety of science —and engineering—oriented programs and 

activities for young people from the greater Baltimore area. One of these 
activities is our Astronomy Club, where middle and high school students 
convene monthly to share ideas with others who love astronomy. In the 
fall, the participants engaged in amateur telescope observations led by 
colleagues at the Harford Astronomical Society in Harford County, Maryland. 
Astronomy Club participants were also given the opportunity to explore 
the physics of light and lenses. The Office of Public Outreach led this 
hands-on activity. Fifty percent of the club’s participants have attended 
at least one other past YAE engagement. 

Dr. Rosa Diaz volunteers her time and shares her daily professional 
world with these young people, some of whom may become our next-
generation of scientists and engineers. Dr. Diaz recently selected one 
particularly talented participant from the Astronomy Club and is mentoring 
her participation in an actual research effort at the Institute called “NICMOS 

Photometric Cross Calibrators for JWST.” 
The YAE Program continues to collaborate with the Maryland Science Center, giving students in the 

Astronomy Club an opportunity to explore all that this Center has to offer.
In the fall, YAE held its annual Parent & Child Evening under the Stars. This year, Drs. Dara Norman 

and David Soderblom were the guest speakers. Dara presented “Light Matters for Dark Matter” and 
David presented “The Story of Our Sun as Told by the Stars.” Many of these students will return to 
become regular attendees of our yearly YAE program events.

With funds from a grant awarded by the National Girls Collaborative Project, the YAE Program purchased 
a computer-controlled 6-inch telescope. YAE collaborated with students and teachers at Western High 
School for an afternoon of solar observing. The observations took place after Dr. Soderblom enlightened 
the students at Western about the Sun and how it works.

The YAE staff develops and organizes fun-filled and engaging programs that succeed in encourag-
ing local area students to explore their interests in astronomy and engineering and, at the same time, 
explore the wonders of the Universe.

Figure 1: 2011 Astronomy Club member and parent.
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The Institute’s website is: http://www.stsci.edu
Assistance is available at help@stsci.edu or 800-544-8125. 
International callers can use 1-410-338-1082.
For current Hubble users, program information is available at:
http://www.stsci.edu/hst/scheduling/program_information.

The current members of the Space Telescope Users Committee (STUC) are:

Louis-Gregory Strolger (chair), W. Kentucky U., louis.strolger@wku.edu 

You Hua-Chu, U. of Illinois Urbana

Drake Deming, U. Maryland

Mark Dickinson, NOAO

Sarah Gallagher, U. of W. Ontario

William Grundy, Lowell Obs.

Giampaolo Piotto, U. Padova 

Ata Sarajedini, U. of Florida 

Nial Tanvir, U. Of Leicester

Todd Tripp, U. of Massachusetts

Contact STScI:

The Space Telescope Science Institute Newsletter is edited by Robert Brown, rbrown@stsci.edu, who invites comments and suggestions.
Contents Manager: Sharon Toolan, toolan@stsci.edu
Design: Pam Jeffries, jeffries@stsci.edu
To record a change of address or to request receipt of the Newsletter, please send a message to address-change@stsci.edu.
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